Purpose: The pathophysiology of febrile seizures remains unclear. Cytokines have been suggested to play a role in the pathogenesis of febrile seizures. We compared TNF-a and IL-4 levels in patients with febrile seizure (FS) with those in controls and identified the relationship between cytokines and various other factors. Method: Fifty FS patients who visited Konkuk University Hospital from December 2015 to December 2016 were included. Thirty-nine patients who had fever without seizures were enrolled as the control group. Serum samples from febrile patients with a history of febrile seizures without present seizures (FPH) (N = 12) and from the afebrile seizure (AF) group (N = 13) were also analyzed. In the FS group, we compared cytokine levels among patients stratified by sex, family history, seizure recurrence, duration of seizure and serum lactate levels. Results: The median serum TNF-a level in the FS group (19.54 pg/mL) was significantly higher than that in the control group (15.86 pg/mL). Higher median serum IL-4 levels were detected in the FS group (3.38 pg/ mL) than in the control group (3.30 pg/mL). In the FS group, the serum IL-4 and TNF-a levels correlated with seizure recurrence and serum lactate levels, but they did not correlate with family history, duration of seizures or sex. Conclusions: Our study supports the hypothesis that TNF-a production is involved in the pathogenesis of febrile seizures. IL-4 is believed to be involved in the pathogenesis of febrile seizures. The number of seizures and lactate levels were correlated with IL-4 and TNF-a levels.
Introduction
Febrile seizures are the most common form of childhood seizures, occurring in 2-5% of young children between the ages of 6 months and 5 years. Febrile seizures are defined as seizures that occur during a febrile state and without any obvious evidence of an intracranial infection, metabolic disturbance, or history of afebrile seizures [1, 2] . Although the prognosis of patients with febrile seizures is often good [3] , epilepsy is observed in 5.4% of these patients [4] . Additionally, complex febrile seizures and febrile status epilepticus can lead to neurological sequelae or subsequent temporal lobe epilepsy [5] .
Febrile seizures in children involve a complex interaction between an immune-inflammatory process, cytokine activation, and genetic factors [6] ; however, the exact pathogenic mechanism remains obscure [7] . Many studies have shown evidence that neuroinflammatory responses, particularly those involving cytokines, are associated with febrile seizures during fever [8] [9] [10] [11] [12] [13] [14] . Cytokines are proteins involved in several infectious and immunological phenomena [3] , and activated cytokine networks might play a role in the pathogenesis of febrile seizures [8] . Proinflammatory cytokines such as tumor necrosis factor (TNF)-a, interleukin (IL)-1a, and IL-1b are cytokines that play important roles in inflammatory responses by inducing fever during infections [9] . Additionally, some cytokines potentially play a role in the development of mesial temporal lobe epilepsy [10] .
TNF-a is a pleiotropic cytokine that is rapidly upregulated in the CNS by seizures as well as in various neuropathological conditions, including ischemia and traumatic and excitotoxic brain injuries [15] . In the study by Tutuncuoglu et al. [9] , TNF-a levels in the cerebrospinal fluid were significantly elevated in patients with febrile seizures during the acute phase compared with the levels in the control group. In contrast, Haspolat et al. [16] did not observe a difference between the cerebrospinal fluid and serum tumor necrosis factor-a levels in children with febrile seizures and the control group.
IL-4 is a cytokine with anti-inflammatory properties, and it inhibits the production of pro-inflammatory cytokines, such as IL-1, IL-6, and TNF-a [17] . Although IL-4 exerts potential immunomodulatory effects and is an important factor that inhibits the production of pro-inflammatory cytokines by monocytes and activated T cells [6] , few studies have examined the relationship between serum IL-4 levels and febrile seizures.
Because of controversies regarding TNF-a levels and the importance of IL-4 in febrile seizures, this study was conducted to compare serum levels of cytokines, particularly TNF-a and IL-4, in patients with febrile seizures and controls. In addition, because limited data are available on the relationships between cytokine levels and clinical factors, including sex, family history, seizure recurrence, duration of seizures, and serum lactate levels, we compared the relationships between cytokine levels with these factors among groups.
Materials and methods

Patient information
Fifty patients with febrile seizures who visited the emergency department of Konkuk University Hospital from December 2015 to December 2016 were included in this study (Table 1) . Inclusion criteria for the febrile seizure groups were an age between 6 and 60 months, a body temperature !38.0 C, and no other identifiable cause of seizure. Patients with systemic diseases, such as a central nervous system infection, malnutrition, heart failure, renal failure, liver failure, tumor, and metabolic disorders were excluded. Clinical data for the history of seizures, duration of seizures, family history of febrile seizures and semiology of febrile seizures were obtained from the patients' parents. Blood sampling was performed within 1 h after the seizure. Laboratory findings, including complete blood counts (CBCs), blood chemistry, and CRP and lactate levels were also measured within 1 h after a seizure. In the febrile seizure group, patients were classified into subgroups according to several factors: sex, family history, the presence of seizure recurrence, duration of seizures and serum lactate levels. Family history was regarded as positive when febrile seizures occurred in first-degree relatives. Recurrence of seizures within a febrile episode was confirmed to be positive only if febrile seizures had previously been diagnosed in the hospital. Duration was divided into seizing for less than 5 min or more than 5 min. Lactate levels were divided into patients with levels greater than and less than 3 mmol/L.
The control group included 39 age-matched patients who were diagnosed with febrile disease but who did not have seizures and had no known history of previous febrile seizures. The febrile diseases include respiratory tract infections, gastrointestinal infections and other viral infections. In addition, blood serum was collected from febrile patients with a history of febrile seizures without a present seizure (FPH) (N = 12) and patients with afebrile seizure attacks (AF) (N = 13) for cytokine assays to exclude the effects of fever on the cytokine levels. Blood sampling was not able to be performed precisely within 1 h after fever in these groups. The Institutional Review Board at the Konkuk University Hospital approved the study (30 October 2015-30 October 2017). All parents were provided information about the research method in simple language. The children were included in the study after their parents agreed to participate and signed the informed consent form.
Cytokine measurements
A total of 0.5 cc of blood was obtained in an SST (serum separation tube) from patients' peripheral vessels within 1 h of a seizure. The serum was immediately separated by centrifugation and stored at À70 C in a freezer. TNF-a and IL-4 levels were measured using a commercially available enzyme-linked immunosorbent assay (ELISA) kit. Experiments were conducted according to the manufacturer's instructions (MILLIPLEX MAP KIT, EMD Millipore Corp, Billerica, MA, USA). All samples were measured in duplicate to improve accuracy. The detection limits were 2.61 pg/ mL for TNF-a and 1.27 pg/mL for IL-4. Normal serum IL-4 and TNF-a levels are 0.27 AE 0.49 (pg/ml AE standard deviation) and 5.43 AE 7.18 (pg/ml AE standard deviation), respectively [18] .
Statistical analysis
Cytokine levels are reported as medians and ranges, whereas variable values are reported as means. Analysis of variance was used to compare the mean age, body temperature, and WBC counts of the febrile seizure group with the other groups. The KruskalWallis test was used to compare cytokine levels among the controls, patients with febrile seizures, FPH group and AF group. The Mann-Whitney test was used to compare the serum cytokine levels and the laboratory findings of the two groups. P-values less than 0.05 were considered statistically significant. Statistical analyses were performed using SPSS 24.0 (SPSS, an IBM company, NY, USA). Table 1 summarizes the clinical information of the 50 patients with febrile seizures, the 39 patients with febrile illnesses without seizure, the 12 febrile patients with a history of febrile seizures without a present seizure, and the 13 patients with afebrile seizures. The mean age of the patients with febrile seizures was 27.3 months, and this group included 24 boys and 26 girls. The mean body temperature at admission was 38. 9 C, and the mean duration of the seizure was 3.2 min. The estimated mean WBC count was 10,862 cells/mm 3 . Among the patients with febrile seizures, 11 (22%) of the 50 patients had a family history of febrile seizures. Thirty-five (70%) of the patients presented with their first onset of febrile seizures, and 15 (30%) patients had previously experienced febrile seizure attacks. The duration of the febrile seizures was 5 min or longer in 10 (20%) patients and less than 5 min in 40 (80%) patients. The serum lactate level was !3 mmol/L in 33 patients (66%) and <3 mmol/L in 17 patients (34%) ( Table 2 ).
Results
Patient characteristics
Serum cytokine levels in the four groups
The median serum TNF-a concentrations in the febrile seizure, control, FPH and AF groups were 19.54, 15.86, 26.81 and 16.15 pg/ mL, respectively, and the serum TNF-a levels were statistically significantly different among the 4 groups (P < 0.05). A higher TNFa level was detected in the febrile seizure group than in the control and AF groups but not the FPH group. Additionally, the median concentrations of IL-4 in the febrile seizure, control, FPH and AF groups were 3.38, 3.30, 1.96 and 1.83 pg/mL, respectively, and the serum IL-4 levels were significantly different between the 4 groups (P < 0.05). A higher IL-4 level was detected in the febrile seizure group than in the other three groups. (Table 3 and Figs. 1 and 2) When comparing the two groups, the serum TNF-a and IL-4 concentrations were significantly different between the febrile seizure and control groups (Table 4) . Significantly higher serum TNF-a levels were detected in the febrile seizure group than in the control group (19.54 vs. 15.86, P < 0.05), and the serum IL-4 levels in the febrile seizure group were higher than those in the control group (3.38 vs. 3.30, P < 0.05). Higher median serum TNF-a levels were observed in the FPH group than in the febrile seizure group, but the difference was not statistically significant (26.81 vs. 19 .54, P = 0.21). Higher serum IL-4 levels were detected in the febrile seizure group than in the FPH and AF groups (3.38 vs. 1.96, P < 0.05; 3.38 vs. 1.83, P < 0.05, respectively).
Correlations with various factors
Compared to those in the febrile seizure subgroup, IL-4 levels differed significantly between the patients experiencing their first seizure attack and patients with recurrent febrile seizures (P < 0.05), although TNF-a levels were not significantly different (P = 0.086). Significantly higher TNF-a levels were detected in patients with serum lactate levels !3 mmol/L than in patients with levels <3 mmol/L (23.55 vs. 19.20, P < 0.05), but a significant difference in IL-4 levels was not observed (P = 0.818). Significant differences in TNF-a and IL-4 levels were not observed between patients with a seizure duration of longer than 5 min and patients with a seizure duration of less than 5 min (TNF-a, 15.61 vs. 20.49, P = 0.622; IL-4, 3.38 vs. 3.38, P = 0.097). Additionally, a family history (TNF-a, 19 .45 vs. 19.63, P = 0.606; IL-4, 3.38 vs. 3.38, P = 0.598) and sex-specific differences (TNF-a, 19.91 vs. 19.13, P = 0.676; IL-4, 3.38 vs. 3.38, P = 0.294) were not correlated with TNF-a and IL-4 levels. In the febrile seizure group, the serum cytokine IL-4 level was approximately 3.38. In the febrile seizure subgroups, the median value was 3.38 and the interquartile ranges differed ( Table 2 ).
Discussion
Febrile seizures are highly prevalent in children and can lead to complications if the seizures persist for a long duration [5] . Although numerous studies have been performed to identify the factors causing febrile seizures in children, the mechanism of the disease is still unclear [7, 12] . Several clinical and experimental studies have reported roles for cytokines in the development of febrile seizures [8, 9, [11] [12] [13] . Recently, Kim et al. [14] observed higher levels of pro-inflammatory cytokines (IFN-g, IL-6, and IL-8) and of anti-inflammatory cytokines (IL-10 and IL-1Ra) in the serum of children with febrile seizures than in controls. Cytokines are important proteins that are produced in tissues undergoing defense, growth and repair processes [19] . Previous studies have reported various results regarding the roles of TNF-a and IL-4 in febrile seizures.
One pro-inflammatory cytokine, TNF-a, is known to exert both direct and indirect modulatory effects on neurons and neurotoxic neurotransmitters released during excitation or inflammation [12] . According to Tutuncuoglu et al. [9] , TNF-a levels are significantly elevated in the cerebrospinal fluid of patients with febrile seizure patients during the acute phase compared with the levels in the control group. However, plasma TNF-a levels are not significantly different between the two groups. Although some studies support the relationship between TNF-a and febrile seizures, others do not support this hypothesis and instead suggest that no correlation exists between febrile seizures and TNF-a levels. As shown in the study by Balosso et al. [15] , increased TNF-a levels in the brain following an intrahippocampal injection of recombinant murine TNF-a significantly inhibits seizures in mice. Haspolat et al. [16] did not observe differences in the cerebrospinal fluid and serum TNF-a levels between children with febrile seizures and the control group. Serum TNF-a levels were not elevated in patients with febrile seizures in another study [20] . In the present study, significantly higher serum TNF-a levels were observed in patients in the febrile seizure group (19.54 pg/mL) than in febrile patients without seizures (15.86 pg/mL). These results support the hypothesis that TNF-a is involved in the mechanisms of seizure development. Cells from children who are prone to seizures may produce more pro-inflammatory cytokines that may induce seizures [7] . Therefore, the hypothesis that cytokine levels influence the incidence of febrile seizure is convincing. IL-4 plays a pivotal role in forming the nature of immune responses. Upon activation, it mediates T-helper 2 (Th2) immune responses by inducing the differentiation of naive CD4 + T cells into Th2 cells, regulating humoral immune responses, and inhibiting the production of Th1 cytokines by monocytes and activated T cell [6] . IL-4 also alters the polarization of microglia by inhibiting the M1 phenotype and inducing the M2 phenotype, thus promoting the reconstruction of the CNS [21] . Zare-shahabadi et al. [6] reported a relationship between IL-4 gene polymorphisms and febrile seizures. IL-4 gene polymorphisms altering cytokine production might affect an individual's susceptibility to febrile seizures. According to Li et al. [21] , an intraperitoneal injection of IL-4/IFN-g in the pilocarpine-induced status epilepticus model modulates the proportions of microglia with different phenotypes, which serve as the major source of inflammatory molecules in the central nervous system (CNS) and play a significant role in brain inflammation; epilepsy outcomes were improved by the modulation of these phenotypes. Additionally, IL-4 may not only modulate acute microglial activation but may also reduce cytokine release and play an important role in improving the deleterious long-term effects of pilocarpine-induced status epilepticus. However, serum IL-4 levels were not elevated in patients with febrile seizures in another study [20] . In the present study, higher serum IL-4 levels were observed in patients in the febrile seizure group (3.38 pg/mL) than in the controls (3.30 pg/mL). Additionally, higher serum IL-4 levels were detected in patients with febrile seizures (3.38 pg/mL) than in patients in the FPH (1.96 pg/mL) and AF groups (1.83 pg/ mL). The increased IL-4 levels observed in patients with febrile seizures compared with the other three groups indicates that cytokine production changes during febrile seizures. During a febrile seizure, cells may produce higher levels of anti-inflammatory cytokines as a defense mechanism against the seizure [7] . The role of anti-inflammatory cytokines in the defense mechanism was also noted in the study by Kim showing that IL-1Ra levels increased in patients with febrile seizures [14] . Like TNF-a, our results also support the hypothesis that cytokine production is involved in the Table 3 Comparison of serum TNF-a and IL-4 levels in the four groups (febrile seizure, control, febrile patients with a past history of febrile seizures and afebrile seizure). pathogenesis of febrile seizures. Although a significant difference was observed between the febrile seizure group and the other groups, the extent of the difference was small in our study. Therefore, further studies are needed to confirm this finding.
In the febrile seizure subgroups, we compared the cytokine levels according to sex, family history, seizure recurrence, duration of seizures, and serum lactate levels. Significantly higher TNF-a levels were observed in patients with serum lactate levels of at least 3 mmol/L (23.55 pg/mL) than in patients with levels less than 3 mmol/L (19.20 pg/mL). Lactate is produced by most tissues in the human body, with the highest level of production observed in muscles. In clinical practice, lactate levels are often used as a surrogate for illness severity and to gauge the response to therapeutic interventions. Lactate levels can be elevated for many reasons, and tissue hypoperfusion is probably the most common cause of elevated lactate levels. Depending on the type, seizures can produce a profound elevation of lactate levels [22] . Orringer et al. [23] observed that generalized tonic-clonic seizures increased serum lactate levels within 2 h after the seizure. Additionally, Matz et al. [24] observed significantly higher serum lactate levels in patients with generalized tonic-clonic seizures than in patients with syncope or psychogenic non-epileptic seizures. Additionally, in the study by Yu el al. [25] , the initial lactate levels observed in patients with seizures increased as the duration of the seizure increased. Regarding cytokines, Andersson et al. [26] found that lactate induced the release of TNF-a and IL-6 in both astroglial-and microglial-enriched cultures in vitro. In the present study, one possible mechanism is increased anaerobic glucose metabolism during the short hypoxia experienced by muscle cells during a tonic-clonic seizure, which may lead to an increase in serum lactate levels in patients with this condition and the subsequent release of TNF-a [5] .
The reason for the contradictory results from many studies examining cytokine levels is that research methods differ, and various factors influence the results. Differences in the severity of fever, the duration of the fever, the type of infection, the time of sampling, the method of cytokine measurement, and the number of subjects have been reported.
As shown in the study by Roth et al. [27] of guinea pigs, the peak activity of circulating TNF-a is detected in the first hour after the injection of a bacterial endotoxin into guinea pigs that then decreases rapidly within the next two hours and disappears within five hours. Based on the aforementioned study, TNF-a levels should be measured within 2 h after the incidence of a febrile seizure. In the present study, blood samples were collected from patients with febrile seizures within one hour after the seizure to reduce the effect of the difference in blood sampling times. Within one hour after the seizure, however, a difference in blood sampling times occurred between patients due to emergency room arrival times and blood sample preparation time. Furthermore, in the case of the control group and FPH group, the blood sampling time was not able to be precisely defined within 1 h after fever. Another factor that may influence cytokine levels is fever. Tournier et al. [28] reported fever-induced changes in the levels of some cytokines through homeostatic negative feedback by the cytokines themselves. In the present study, significant differences in the severity of fever were observed between the febrile seizure and control groups (P < 0.001). The reason for this result is that seizure greater number of patients with febrile seizures presented to the hospital with fevers of >38 C at the time of admission after a febrile seizure attack, but 46.1% of patients in the control group and 41.7% of febrile patients in the FPH group took antipyretic drugs before admission. Viral or bacterial infections and particularly inflammation result in the production of a cascade of cytokines that function to maintain tissue homeostasis [19] . In the present study, the types of diseases (viral and bacterial) were not significantly different between the case and control group and FPH group. Most of the studied children had three types of infections: respiratory tract infections, gastrointestinal infections and other viral infections. Therefore, the type of infection in the groups did not interfere with the results of this study. Reasons for inaccurate relationships between the duration of febrile seizures and cytokine levels may be that most parents are not able to measure the exact duration because they are anxious while their child seizes. If we could accurately measure the duration of the seizure, a meaningful relationship between the seizure duration and cytokine levels might be obtained. The sample size is another confounding factor that must be considered when evaluating the results of various studies.
Although many clinical situations that may influence cytokine levels have been considered and analyzed, our study has some limitations. CSF IL-4 and TNF-a levels were not measured in patients with febrile seizures because the studied patients did not show any indications for undergoing lumbar puncture procedures. This factor limits the present study. Although peripheral cytokine levels may not be an accurate reflection of CNS cytokine activity, Gallentine et al. [10] hypothesized that their presence may induce a reciprocal inflammatory response within the brain. Additionally, a difference in blood sampling times was observed between patients, particularly in the control group, as it relates to body temperature at admission. The relationship between cytokine levels and febrile seizures will be evident when blood sampling times are consistent and follow an analysis of cytokine levels in the cerebrospinal fluid. Additionally, a comparison of cytokine levels within the same patient, either with febrile seizures or with febrile disease without a present seizure, would enable the clarification of the relationship between cytokine levels and febrile seizures.
Conclusions
In the present study, significantly higher serum TNF-a levels were detected in the febrile seizure group than in the febrile disease without seizure group, and significantly higher TNF-a levels were observed in patients with serum lactate levels of at least 3 mmol/L than in patients with levels less than 3 mmol/L. Children who are prone to seizures may produce more TNF-a, which may induce seizures, and brief hypoxia during seizures increases serum lactate levels that potentially induce TNF-a release. Thus, consistent with the findings from previous studies, our study supports the hypothesis that TNF-a production is involved in the pathogenesis of febrile seizures. Additionally, higher serum IL-4 levels were detected in the febrile seizure group than in the febrile disease without seizure group. In febrile seizures, high levels of anti-inflammatory cytokines may play a role in the defense mechanism against seizure; therefore, IL-4 is likely involved in the pathogenesis of febrile seizures.
Our research results, which differ from the results of other studies, are significant for two reasons. First, in the febrile seizure groups, we compared the cytokine levels in patients stratified by various factors (sex, family history, seizure recurrence, duration of seizures and serum lactate levels), which was not performed in other studies. Second, we are the first group to show that the TNF-a level increased with increasing serum lactate levels, which is a factor contributing to febrile seizure severity in vitro. Although only the levels of two cytokines were compared, correlations between various factors and cytokine levels were observed. Therefore, comparisons of the levels of another cytokine with various clinical factors could help us to clarify the relationship between cytokine levels and febrile seizures.
